Respiration (=oxygen consumption) and chemical composition [water content, ash, 25 carbon (C) and nitrogen (N)] were determined for seven chaetognaths (Parasagitta 26 elegans, Caecosagitta macrocephala, Pseudosagitta scrippsae, Solidosagitta zetesios, 27 Eukrohnia hamata, E. bathypelagica and E. fowleri) from the epipelagic through 28 bathypelagic zones (< 3000 m) in the western subarctic Pacific Ocean. Enzyme 29 activities of the electron transfer system (ETS) were also determined on mesopelagic 30 and bathypelagic chaetognaths, and ETS:respiration ratios were calculated to confirm 31 the validity of respiration rates measured at near in situ temperature but under normal 32 pressure (1 atm). These data were combined with literature data from Arctic, Antarctic, 33 temperate and tropical waters and epipelagic through bathypelagic zones. A total of 25 34 data sets on 17 chaetognaths for respiration, and a total of 18-34 data sets on 18-21 35 chaetognaths for chemical composition were used to explore important parameters 36 affecting their respiration rates and chemical composition. Designating body mass (dry 37 mass, C or N), ambient temperature, oxygen saturation and sampling depth as 38 independent variables, stepwise multiple regression analyses revealed that body mass, 39 habitat temperature and sampling depth were significant, attributing 82-93% of the 40 variance of respiration rates. No significant effect of sampling depth and habitat 41 temperature was detected in the chemical composition. These results are compared with 42 those of copepods to highlight unique features of chaetognaths. 43 44 45 46 47 2 Among the various metazoan animal taxa occurring as plankton in the pelagic 49 realm of the ocean, chaetognaths are the second most numerous taxon (2-10%; 50
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habitat temperature) used in the previous global respiration model for marine epipelagic copepods (Ivleva, 1980; Ikeda, 1985) , 2 new independent variables (X 3 : mid-sampling 193 depth, and X 4 : oxygen saturation) were introduced to the present analyses. X 4 was 194 expressed as a fraction of saturation (full saturation = 1.00). It is noted that X 3 thus 195 defined is for the specimens used in this study and not necessarily consistent to the 196 depth of occurrence for the populations reported in the subarctic Pacific by previous 197 workers such as Kotori (1976) , Terazaki and Miller (1986) and Ozawa et al. (2007) . 198 X 1 was expressed as DM, nitrogen mass (N) or carbon mass (C) since the choice of the 199 body mass unit is known to cause somewhat different results (Ivleva, 1980; Ikeda, 200 1985) . 201 Two regression models were adopted according to the mathematical form of the 202 temperature and body mass effects. One was a theoretical model characterized by the titration for dissolved oxygen determination, cf. Ikeda et al., 2000) with the exception of 240 the use of a Gilson differential respirometer by Coston-Clements et al. (2009) . Sampling 241 depths being reported as "surface" or "surface layer" in the literature were designated together with their standardization of respiration data to WM only (as against to DM, C 258 and N of the present analysis), makes direct comparison of their data with others not 259 possible in the light of the wide between-species variations in body composition of 260 chaetognaths (see "Chemical composition" section below). For comparative purposes 261 only, MDO was assumed to be equivalent to mid-sampling depth, and body WM was 262 converted to N by using mean conversion factors of non-Pseudosagitta spp. or Pseudosagitta spp. (see "Chemical composition" section below).
By using the theoretical model in which the scale coefficient of body mass is 265 preset as 0.75, preliminary analysis was made for the effect of temperature on the 266 respiration rates by plotting the respiration rate standardized to the rate (R o ) of 267 specimens weighing 1 mg DM (R 0 = R × DM -0.75 ) against temperature (1000/K 268 or o C)( Fig. 2) . It is clear that the rate values for the species below 550 m distribute well 269 below the rate values above 150 m at equivalent inverse temperature or temperature.
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From this result, only the data of < 150 m were used for the analysis of temperature 271 effect on R 0 . The resultant slope (-7.528) of the regression line was used to compute 272 respiration rate at a given temperature (designated as 10°C) of the chaetognaths from 273 these sampling depths (< 150 m + > 550 m), which was plotted against the 274 mid-sampling depth (Fig. 3) . The standardized respiration rates (R 0 ) at 10°C of these 275 chaetognaths were correlated negatively with the sampling depth (p < 0.01), and this 276 result was not affected with or without the addition of the data set C of Thuesen and 277 Childress (1993).
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The overall results of stepwise multiple regressions showed that the variable X 4 279 (oxygen saturation) was not significant (F-test, p = 0.25-0.27 for the theoretical model, 280 and p = 0.41-0.86 for the empirical model), but the rest of independent variables (F-test, 281 p < 0.001 for the theoretical and empirical models) were significant attributing 282 91.5-92.5% (theoretical model) or 82.3-88.8% (empirical model) of the variance in the 283 respiration rates (Table 4 ). As body mass unit, N yielded the best fit followed by C and 284 DM as judged by adjusted R 2 values. Relative importance of the significant variables as 285 estimated by the standardized partial regression coefficients (Std a x ) indicated the 286 greatest importance of body mass (X 1 ), followed by temperature (X 2 ) or depth (X 3 ) for the empirical model and near equal importance of X 2 and X 3 for the theoretical model.
Judging from the variation inflation factors (VIF), which were all less than 5, 289 multicolinearity was not high among the significant variables of the present analyses (cf. 293 Excepting Pseudosagitta scrippsae which showed high extreme water content 294 (94.4% of WM) and ash (50.4% of DM) but low extreme C (22.8% of DM) and N 295 (5.9% of DM), the results of the rest of 6 species fell into narrow ranges of 89.8-92.9% 296 for water content, 14.0-27.1% for ash, 7.8-12.1% for N and 32.6-41.1% for C ( temperatures ranged from -1 to 28 o C, water content from 83.7 to 94.7%, ash from 6.7 to present, no immediate explanation is available for this phenomenon of chaetognaths.
Chemical composition
reported the presence of wax esters (a lipid energy reserve) in deep-water chaetognaths 432 but not in epipelagic chaetognaths. Nevertheless, the C:N ratio of the specimens 433 containing small lipid droplets was measured as 4.7, which is somewhat greater than 3.5 434 of the same species with no-lipid droplets collected from the epipelagic zone of the 435 North Pacific (Terazaki, 1993) . This, combined with the lack of any remarkable 436 variation among chaetognaths from diverse habitats ( Fig. 4C, D) , suggests that the 437 contribution of the lipid droplets in deep-sea chaetognaths to the C and N composition Table 2) 627 and/or chemical composition (Table 3 ) of pelagic chaetognaths of the world's ocean.
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The sites of respiration of epipelagic (shallow) chaetognaths are separated from those 629 of mesopelagic/bathypelagic (deep) chaetognaths. Table 2 . Respiration rates of pelagic chaetognaths determined in this study (data set A) and by previous workers (data sets B and C) togethr with the data of the study site, season, sampling depth, ambient temperature (=experimental temperature) and oxygen saturation. Previous data expressed in the form of regression equations were converted to the respiration rate of a specimen at mid-body mass range (in parenthesis). Data set C was separated from data sets B by dissimilar definition of depth Table 3 . Sampling data (region, depth, water temperature) and chemical composition (water content, ash, C, N and C:N ratios) of pelagic chaetognaths of the present study (data set A) and those of the previous workers (data set B). Data sets A and B are pooled and differences in the composition between Pseudosagitta and non-Pseudosagitta spp. are tested. Means ± SD with the number of replicates in parenthesis for water contents, or means and ranges in parenthesis for ash, C, N and C:N ratios. ND = no data. NS = not significant 
